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Abstract 
Several attempts were made during the last 3 decades to improve the quality of CdTe in order to enhance its 
efficiency as material for nuclear and photovoltaic devices. These attempts considered the high values of impurity 
segregation coefficients and the contamination problems due to handling at high temperature. In this study, we 
prepared three high purity CdTe single crystals with high resistivity. The three starting Te samples were purified 
through three purification processes: horizontal zone refining, vacuum distillation, and by combining both processes. 
Purities were characterized, by determining the concentration of 22 impurities by Atomic Absorption (AASGF), for 
the three kinds of tellurium ingots and the corresponding elaborated CdTe materials. A series of four effective 
segregation coefficients for metallic impurities: Ag, Al, Cu, and Fe were found in CdTe. Their high values confirmed 
the difficulty to remove them by the purification processes using the segregation phenomenon. In addition, the low 
concentration values of impurities in CdTe samples ( 6N purity) make from our CdTe high quality electronic grade 
materials.
© 2013 The Authors. Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of CSM8-ISM5 
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1. Introduction 
Cadmium telluride is one of the most important II-VI material semiconductors. It can be used in a wide 
variety of electronic and optical devices including optoelectronic devices and x-ray and IR detectors. 
Performance of such detectors is strongly influenced by (i) the concentration of impurities, especially the 
mean life of carriers (mean termination time in a trap or recombination center) [1,2], (ii) the stoichiometric 
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deviation of the material source [3] and (iii) the lattice defects. However, the behavior of some impurities and 
native defects in CdTe is not completely understood. Therefore, many attempts have been made in order to 
study and improve the quality of the CdTe crystal [4,8]. Purification of CdTe ingots has been performed at 
1100oC. This high temperature may lead to serious contamination problems where the segregation 
coefficients effK  of the majority of impurities in CdTe were close to one [9,10]. Therefore, purification of 
starting materials is necessary to prevent such contamination problems. Indeed, distillation and zone refining 
are recommended for the starting elements before growing CdTe due to (i) the low boiling and melting points 
of Cd and Te, and to (ii) the low values of effK  impurities in Te [11,12]. In the present paper, three extremely high purity CdTe single crystals with high resistivity were prepared, including: 
- ABl: Starting tellurium (Te1) was  purified by horizontal zone refining,  
- AB2: Starting tellurium (Te2) was  purified by vacuum distillation,  
- AB3: Starting tellurium (Te3) was purified by combining both processes.  
2. Materials and Methods 
The distillation rate the starting tellurium (4N purity) was controlled by adjusting the temperature in 
the furnace to 773 K with an accuracy of ±1 K. The temperature gradient ǻT/ǻx between receiver and 
evaporator, necessary to control distillation, was estimated to be 500 K/m. Distillation control prevented 
the increase of the tellurium temperature toward its melting point (673 K < T< 725 K).  In a second step, 
during which the temperature of tellurium surfaces increased to its melting point (725 K), the material 
started evaporation and condensed at the bottom of the cylindrical bulb. Ninety percent of tellurium was 
then collected at an average rate of 5 × 10-3 kg/m2.s.   
The temperature of zone refining was maintained at 773 K with an accuracy of ±1 K. It should be 
mentioned that higher values of the molten zone temperature will decrease the segregation coefficients 
and consequently the efficiency of purification [13]. Three molten zones were created to move along the 
ingot by means of three 6 × l0-2 m spaced furnaces. Five cycles (fifteen molten zones) were traveling each 
ingot. At this limit, steady state equilibrium was reached.   
 
3 Results and discussion 
3.1. Distillation & Zone Refining 
Since the evaporation rate was inversely proportional to time, complete distillation required a longer 
time [11]. Non-volatile impurities in molten tellurium, particularly carbon, that may have a concentration 
as high as 5 × 1014 molecules/m3, have the chance to occupy a certain number of positions at the liquid 
surface. Impurities of smaller size volume can be easily removed from the evaporator [14].  Results of 
Atomic Absorption confirm the elimination of impurities such as Ag, Al, Ni, Pb, Zn, Cu, and Fe, where 
the values of the effective segregation coefficient effK  were less than 1. In addition, the value of effK  
for Se, having a crystal structure identical to that of tellurium and arsenic, was close to unity. Its 
elimination by zone refining in ambient medium appeared difficult. However, a flow of gas mixture 
(N2+H2) was still recommended. Indeed, volatile impurities like Cs, Li, K, P and S were partially 
expelled.  
Traces of residues of B, Ca, Cd, Mn, Na, Si, and V were also observed. This indicates that the 
efficiency of zone melting for tellurium was well limited. This might be due to the particular anomaly of 
molten tellurium related to its quasi-polymer chain structure, which affects the segregation of the majority 
of impurities [15]. In fact, at high temperature, the average coordination number increased from 2.5 to 3 
and enhanced the saturation of impurities near the interface (increasing of depletion layer į). 
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Analysis of concentrations of O, S, K, and Cl by atomic absorption spectrometry was not conclusive. 
O and S were in the group VI of tellurium and some spectral interference appeared during heating. 
However, K and Cl were more volatile than tellurium where their kinetic of atomization was disturbed. 
These measurements were useful to provide an idea about the content of the bulk material. The presence 
of oxygen and carbon at concentrations of 1.5 and 2 ppmw, respectively, did not seriously affect the 
device performance [16]. Our values were less than one confirming the elimination of impurities by zone 
melting process. The discrepancy between our results and those from literature was due to the difference 
in the experimental conditions such as temperature T, range of speed v, and starting concentration Co. 
Dependence of effK  on the atomic number of impurity showed distinct maxima and minima of effK  for 
the inert gases (He, Ne, Ar, Kr, Xe and Rn) that are insoluble in metals and semiconductors. High effK  
values of Kr, Xe, Rn and all big atoms can be related to the segregation and diffusion of impurities where 
the diffusion coefficient Deff was smaller for heavier components [17]. The purity of tellurium was well 
achieved at the middle zone of the ingot (6 x 10-2 m < x < 16 × 10-2 m) where the concentrations for the 
majority of impurities were below the detection limit (< 0.1 ppmw). Table 1 shows that no progress in the 
elimination of impurities was achieved since the attainment of equilibrium between purification and 
contamination was reached.  
 
Table 1:  Concentration of 22 impurities in distillated tellurium at different positions arbitrary chosen between 0.01 and 0.15 m 
before and after 5 cycles of zone refining. 
Element Residue (ppmw) Co (ppmw) Cs (ppmw) (5 cycles)
Ag 3.9 d0.01 39 
Al 1.1 0.1 10 
As 0.8 d0.05 18 
B 0.9 d0.97 0.7 
Ca 0.8 d0.02 7.3 
Cd 3.6 0.3 12.8 
Cr 1.1 d0.07 21 
Cu 3.3 d0.06 85 
Fe 2.5 0.02 146 
In 1.4 d0.03 6 
Mg 0.4 d0.1 2.7 
Mn 3.7 d0.01 33 
Na 0.6 d0.1 10 
Ni 2.8 d0.05 52 
Pb 0.9 0.05 120 
Pd 3.4 d0.04 7.8 
Sn 31 0.3 16.5 
Si 0.5 0.1 48 
Se 1.1 0.03 6.2 
Ti 1 0.1 2.91 
V 0.1< 0.1< 1.7 
Zn 19 d0.03 5.5 
 
3.2.  Purity of CdTe Single Crystals  
Table 2 confirms that adequate purity was obtained since all heavy impurities were absent from the 3 
kinds of CdTe samples taken from the middle part of each ingot. In addition to the distillation and the 
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zone refining processes, further purification was achieved during the preparation of the 3 kinds of CdTe 
ingots. This was due to the additional segregation of impurities at the solid–liquid interface in the 
tellurium zone since the ratio of the tellurium zone length to the ingot length was about 10%. 
 
Table 2:  Concentration of 21 impurities in ppmw, at the middle part. for the three CdTe ingots.  
Element AB1  AB2 AB3 
DistilledTeZonerefinedTeDistilled&ZonerefinedTe
Ag d d d
Al d d d
As d d d
B d d d
Ca d d d
Cr d d d
Cu d d d
Fe d d d
In d d d
Mg d d d
Mn d d d
Na d d d
Ni d d d
Pb d d d
Pd d d d
Se d 0.5 0.2 
Si d 0.2 d
Sn 0.1 0.08 0.1 
Ti d 0.2 0.01 
V 0.1 0.1 0.1 
Zn d 0.06 d
 
 
Fig 1 shows the comparison between two series of experimental values of segregation coefficients 
effK  determined under our experimental conditions (v = 1.67 × 10-5 m/s, l = 1.5 × 10-2 m, and T = 773 
K). The first series was obtained from the starting tellurium prepared by both processes distillation and 
zone melting. The other one was calculated from CdTe elaborated from the same samples of tellurium. 
Values of effK  were obtained by fitting the experimental measurements of CS/Co, calculated by atomic 
absorption spectroscopy, with theoretical Pfann’s equation [18]: 
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obtaining more purified CdTe single crystals for photovoltaic cells or nuclear detectors with better 
physical properties. 
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